For searching gravitational microlensing events, millions of stars in the Large Magellanic Cloud (LMC) have been monitored for one decade and only a dozen of events have been detected. The low number of events causes ambiguities in studying the mean mass of MACHOs and their contribution to the Milky Way halo mass due to Poisson fluctuation. The results obtained by the microlensing experiments, are in discrepancy with other observations in some cases. The outline of discrepancies are (i) the incompatibility of the distribution of events duration in the galactic models and observed data, (ii) the lack of abundant white dwarfs in the galactic halo and (iii) undetected heavy elements in the galactic halo that would be caused by the white dwarfs evolution and the supernova explosions. Here we use the ansatz of a spatially varying mass function of MACHOs and repeat the microlensing analysis. According to this model, massive MACHOs reveal themselves more frequently in the microlensing events than the brown dwarfs which have a higher abundance. This point may resolve the mentioned contradictory between the microlensing results and the other observations.
INTRODUCTION
The gravitational microlensing method for detecting MAssive Compact Halo Objects (MACHOs) in the Milky Way halo has been proposed by Paczyński (1986) . Many groups have contributed in this experiment and have detected hundreds of microlensing candidates in the direction of the galactic center, the spiral arms and the Large and Small Magellanic Clouds (LMC & SMC). Due to the low probability of the microlensing detection, less than 20 events have been detected by the EROS and MACHO groups in the direction of the Magellanic Clouds (Lasserre et al. 2000; Alcock et al. 2000) . The low statistics not only causes ambiguities in determining the mean mass of MACHOs and their mass contribution in the galactic halo models, but also the results obtained from microlensing events don't agree with the results of other the observations which are listed below (Gates and Gyuk 2001 ):
• To allow for the mass of the MACHOs to be in the range proposed by microlensing observations, the initial mass function of MACHO progenitors of the galactic halo should be different from that of the disk (Adams & Laughlin 1996; Chabrier, Segretain & Mera 1996) .
• If there were as many white dwarfs in the halo as suggested by the microlensing experiments they would increase the abundance of heavy metals via Type I Supernova explosions (Canal., Isern & Ruiz-Lapuente 1997) .
• Recently it was showed that the observed distribution of microlensing duration is not compatible with what is expected from the Standard (Green & Jedamzik 2002) and non-standard halo models (Rahvar 2004) . They showed that the observed distribution of microlensing candidates in terms of the duration of events is significantly narrower compared to what is expected from the galactic models at 90 to 95 per cent confidence.
Here in this work instead of using a uniform Mass Function (MF) for the MACHOs we use a spatially varying MF and study its effect on the gravitational microlensing results. This assumption has been proposed by Kerins and Evans (1998) and it was tested against the results of two years of the MACHO experiment. we extend it (i) using the latest LMC microlensing data of MACHO group (Alcock et al. 2000) , (ii) considering the non-standard halo models (Alcock et al. 1996) , including the contribution of the galactic disk, Spheroid and LMC, for comparing the observed data with the models, and (iii) using statistical parameters to compare the distribution of observed events duration with the galactic models. We show that among the Galactic models of the Milky Way, two of them could be compatible with the data. The motivation of using a spatially varying MF for the MACHOs comes from baryonic cluster formation theories (e.g., Ashman 1990; Carr 1994; De Paolis et al. 1995) , which predict the spatially variation of MF in the galactic halo. The inner halo comprises partly visible stars, in association with the globular cluster population, while the outer halo comprises mostly low-mass stars and brown dwarfs. This assumption may alter the interpretation of microlensing results where for the uniform MF the mean mass of MACHOs for the standard halo model obtain in the order of 0.5M ⊙ . The paper is organized as follows. In Section 2 we give a brief review of Galactic models and introduce an ansatz for the spatially varying MF. In Section 3 we generate the expected distribution of events by considering MACHO experiment observational efficiency and introduce new concepts of active and passive mean mass for the MACHOs. In Section 4 we perform a Monte Carlo simulation to compare the expected distribution in the Galactic models and observed data. The results are discussed in Section 5.
GALACTIC MODELS AND EXPECTED DISTRIBUTION
The rotation curve of the disk in the spiral galaxies shows the existence of a dark halo structure for these types of galaxies. The components of Milky Way as a spiral galaxy are the halo, disk and the bulge. These elements can be combined to build various galactic models that have been discussed by Alcock et al. (1996) . Here in this section we introduce these galactic models for the Milky Way and add the assumption of spatially varying MF for the MACHOs. The relevant components of the galaxy that contribute in the microlensing events in the direction of LMC are the dark galactic halo and the luminous components, such as the Milky Way disk, spheroid and LMC disk.
Power-Law Halo Model
The large set of axisymmetric model of galactic halo is so-called "power law galactic" model (Evans 1994) . The matter density in these models in the cylindrical coordinate system is given by
where R and z are the coordinates in the cylindrical system, Rc is the core radius and q is the flattening parameter which is the axial ratio of the concentric equipotentials. q = 1 represents a spherical (E0) halo and q ∼ 0.7 gives an ellipticity of about E6. The parameter β determines whether the rotational curve asymptotically rises, falls or is flat. At asymptotically large distances from the center of the galaxy in the equatorial plane, the rotation velocity is given by Vcirc ∼ R −β . Therefore β = 0 corresponds to a flat rotation curve, β < 0 is a rising rotation curve and β > 0 is a falling one. The parameter Va determines the overall depth of the potential well and hence gives the typical velocities of objects in the halo. The velocity dispersion of the halo in this model, is given by:
Luminous Components: Galactic Disk, Spheroid and LMC Disk
The luminous components of the Milky Way that can have a contribution to the LMC microlensing events are the disk and spheroid. The matter distribution of the disk can be described as double exponentials (Binney & Tremaine 1987) as follows:
where z and R are cylindrical coordinates, R0 is the distance of the Sun from the center of the Galaxy, R d is the scalelength, h is the scaleheight of the disk and Σ0 indicates the column density of the disk. For the Milky Way thin disk which mainly consists of the stars and gases, these parameters are: R d = 4kpc, h = 0.3kpc, Σ0 = 50M⊙pc −3 , R0 = 8.5kpc and σv = 31km/s, Table 1 . The parameters of the eight Galactic models: First line is the description of the models in terms of the disk, second line the slope of rotation curve (β = 0 flat, β < 0 rising and β > 0 falling), third line the halo flattening (q = 1 represent spherical), fourth line (va) the normalization velocity, fifth line Rc halo core, sixth line distance of the sun from the center of galaxy, seventh line the spatially varying MF model that is described in Table 2 , eighth line the local column density of the disk (Σ 0 = 50 for canonical disk, Σ 0 = 80 for maximal thin disk and Σ 0 = 40 for thick disk), ninth line disk scalelength and the tenth line disk scalehight.
where σv is the adopted one-dimensional velocity dispersion perpendicular to our line of sight. For the case of maximal disk, all the parameters are the same as the thin disk except Σ0 = 80M⊙pc −3 . For the Milky Way thick disk, the parameters are:
−3 , R0 = 8.5kpc and σv = 49km/s. The MF of the disk component is taken according to the HST observations (Gould, Bahcall & Flynn 1997 ). Here we also take into account the rate of microlensing events of LMC due to itself, so-called self-lensing. The LMC disk parameters taken from Gyuk, Dalal & Griest (2000) 
The second luminous component of the Milky Way which may have a contribution to the microlensing events is the Milky Way Spheroid. The spheroid density is given by (Guidice el al. 1994; Alcock et al. 1996) :
This density profile clearly must be cut off at small distances from the center of the galaxy, but this is irrelevant here since the LMC line of sight is always at r > 0.99R0. We take the dispersion velocity for this structure to be σv = 120km/s. The parameters of the eight Galactic models are indicated in Table 1 .
A Spatially Varying Mass Function
The habit in gravitational microlensing studies is to use a simple MF for the galactic halo MACHOs, such as a Dirac Delta function. According to the color-magnitude diagrams studies of stars in the galactic disk, in the bulge or in other galaxies, the MF of stars follows a power law function such as φ(M ) ∝ M −n . The same power law MF may exist also for the MACHOs of the galactic halo. We can study the sensitivity of the rate of the microlensing events as a function of the MF power law index. The differential rate of the duration of the microlensing events in the phase space is given by:
where m is the mass of the lenses, F (v, x) is the phase space distribution of the MACHOs, RE is the Einstein radius, uT is the impact parameter, uT REα is the cylindrical segment of the tube and vt is the transverse velocity of the MACHOs in the frame of the microlensing tube (Griest 1991) . The differential gravitational microlensing rate with respect to the observer-lens distance is given by integrating over the other variables as follows:
where, E is the exposure time of the observation, σt is the transverse dispersion velocity of the lenses with respect to our line of sight and φ(x, M ) is the number density of MACHOs within the mass ranges [M, M + dM ], resides at the distance [r, r + dr] from the observer.
In the case that we have a spatially uniform Dirac Delta MF,
, the rate of events depends on the mass of lenses as dΓ dx ∝ 1/ √ M , because of the Einstein radius dependence on the mass of lens is as RE ∝ √ M . Using a power-law MF, the rate of the events depends on the power-law index as dΓ dx ∝ M 3/2−n . The events rate dominated by ML (lower mass of lenses) if n > 3/2 and by MU (higher mass of lenses) if n < 3/2. According to studies of the star formation process, the index of the power law may vary by changing the density of the galactic halo. Star formation theories, such as the pre-galactic and the proto-galactic cooling flow model of baryonic dark cluster formation, support the assumption of a varying MF of MACHOs in the galactic halo. Here we use the same simple function that has been used by Kerins and Evans (1998) as follows:
where the mass scale M (r), monotonically decreases as a function of r like
and ML and MU are the mass scales which represent the lower and upper limit of the mass function and R halo is the galactic halo size. The number density of the lenses for a given mass range in this model is:
Here we use three sets of parameters of a spatial varying Dirac Delta MF for the MACHOs, as given in Table 2 .
COMPARISON OF THE EXPECTED AND THE OBSERVED MICROLENSING EVENTS
In this section we use a spatially varying MF to generate the expected distribution of duration of microlensing events to check the compatibility of galactic models with the experimental data of the MACHO experiment. The result of this comparison is the mean mass of lenses and the mass fraction of MACHOs in the galactic halo models. In the first part we use the theoretical distribution and take into account the observational efficiency to calculate the expected distribution of events. We introduce two types of mean masses for the MACHOs, as the passive and active masses. The first one is the mean mass of MACHOs and the second is the mean mass of lenses that can be observed in the experiment. These two definitions show how the galactic halo with the abundant brown dwarfs may interpret the microlensing results. In the second part we obtain two statistical parameters of the mean and the width of distribution of events duration in the galactic models and compare with that of the observed microlensing data. This technique enable us to select the most probable model of galaxy.
The Distribution of Events Duration
We use numerical method to obtain the rate of the events as a function of events duration (Alcock et al. 1995) . The overall rate of events is due to the different galactic components such as the halo, the disk, spheroid and the LMC. The total rate of events obtain by adding the contribution of each component of galaxy as follows:
in the first term, which is the contribution of the halo, f is the halo fraction consisting of MACHOs. In the case of choosing spatially uniform Dirac-Delta MF for the MACHOs of the galactic halo, the likelihood analysis method has been used to obtain the best MF and the halo fraction of MACHOs. Table 3 shows the results of this analysis where the mass function used by Alcock et al. (2000) is denoted by I . In the case of using a spatially varying MF for the MACHOs of halo, as introduced in the last section, we can obtain the MACHO mass fraction of halo by comparing the observed optical depth with what we expect from the galactic models. The observed optical depth can be expressed by:
where E = 6.12 × 10 7 objects-years is the total exposure time of the MACHO experiment during 5.7 yrs observation and ti is the duration of the i-th event (Alcock et al. 2000) . The sum of duration of 13 events observed by the MACHO experiment is about 1261 days. It should be mentioned that events duration has been obtained by fitting the observed data to the Table 3 . The first column gives the number of the LMC microlensing events that have been detected by 2 or 5.7 yrs observation of the MACHO group. The second column indicates the name of eight galactic models as described in Table 1 . The third column specifies the corresponding MF in each model whit details of the MF models are given in Table 2 . The fourth column shows the mean mass of the MACHOs in each model, the so-call passive mean mass of the lenses. The fifth column is the active mean mass of the lenses that can be observed by the experiment. The fifth column shows the halo fraction of MACHOs.
microlensing light curve while the blending effect has also been considered. Equation 12 for the observed optical depth of 13 events obtains τ obs = 4.43 × 10 −8 . We compare this number with the expected optical depth from the Galactic models by taking into account the observational efficiency of the experiment:
where dΓ dt is the total contribution of all of the components of the galactic model. To calculate the events rate, we need the MF of the lenses in addition to the density and the velocity distribution of the MACHOs in the Galactic model. We use model II of a spatially varying MF for the galactic models of S, A, B and D, Model III of MF for the galactic models of C and E and MF model IV for the galactic models of E and G (Table 1) . We compare the expected and observed optical depths and the result is the halo fraction made of MACHOs. The results are shown in Table 3 . We use the evaluated f of each model to obtain the distribution of events duration. Fig. 1 compares the normalized distribution of events in the uniform and spatially varying MF for eight various galactic models. One of the justifications of using a spatially varying MF is that heavy MACHOs in the galactic halo contribute more to the gravitation microlensing events than the abundant less mass MACHOs. To quantify this statement we need to calculate the mean mass of the lenses in the models of uniform and spatially varying MFs. For the uniform MF, there is no difference between the mean mass of MACHOs and the effective mean mass of lenses which contribute to the observed microlensing events, while in the spatially varying MF model those two masses are not equal. The massive lenses produce longer duration of events compare to light lenses and since the observational efficiency for the short duration of events is small compare to the long duration events, the massive lenses have more probability of to be observed compare to the light lenses. The consequence of this effect is that in a spatially varying MF model the mean mass of observed MACHOs should be bigger than the mean mass of overall MACHOs. We define two types of mass this context. First one is the mean mass of the MACHOs in the galactic halo that we call the passive mean-mass of lenses. This mass is independent of the gravitational microlensing observation and can be obtained by direct averaging over the mass of MACHOs as follows:
The second equation is obtained by substituting the spatially varying MF of the MACHOs.
In contrast to the first definition, we define the active mean mass of lenses, which is the mean mass of the lenses that can be observed in the gravitational microlensing experiments and it depends on the observational efficiency. Here we calculate the active mass of lenses in each galactic model by performing a Monte-Carlo simulation. The simulation process generates Table 2 and 3. the position of lenses by using the matter density and the velocity distributions of the MACHOs in the halo. The differential distribution function of duration of lenses as a function of the distance from the observer is given by
where M (x) is the mass of the lens given by the spatially varying MF, vt(x) is the transverse velocity of the lenses with respect to our line of sight and x = D ol L is the ratio of the observer-lens to the observer-source distances. Since in the power law models of the Galactic halo, the dispersion velocity of the lenses depends on the distance from the center of galaxy, the transverse velocity distribution given by a Maxwellian function, depends also on x. After choosing the position and the transverse velocity of lenses, we use the definition of the events duration te =
to generate the distribution of tes. In every loop of the Monte-Carlo process, the duration of events have been compared with the efficiency function of MACHO experiment to be selected as an observed event or rejected. The mass in case of the selected events are used to calculate the mean mass of observed lenses. Table 3 shows the results of the calculation in each galactic model for passive mean mass of lenses < M ml >, using Equation 14 and the Monte-Carlo simulation for calculating the active mean mass of lenses < M ml >. As we expected, in all the galactic models the active mean mass is bigger than the passive mass. This means that in spite of the light abundant brown dwarfs in the galactic halo, lenses with the higher mass dominate the observed events. In the next section we find the most probable galactic model by doing a statistical analysis to compare the duration distribution in each model with the observed data.
COMPARISON OF GALACTIC MODELS WITH THE OBSERVED DATA
In this section, the aim is to find most probable galactic model by comparing the microlensing candidates of the MACHO experiment with the expected events from the galactic models. Table 4 shows the duration of events in the direction of the LMC as obtained by the MACHO experiment. The number of candidates depends on the algorithm that has been used for data reduction process. Here we use the results of so-called criteria A, where 13 events have been obtained from the data analysis (Alcock et al. 2000) .
To compare the distribution of the events duration with the expected distribution in the Galactic models, we use two Table 4 . Microlensing candidates observed by the MACHO experiment during 5.7 yrs of observing 11.9 million LMC stars (Alcock et al. 2000) . First row gives the name of the event according to numbering used by the MACHO group and second row shows the duration of event.
statistical parameters, the mean and the width of the distribution of events (Green and Jedamzik 2002; Rahvar 2004) . The width of the duration for the N obs -th observed candidate is defined by
We note that, considering the contribution of non-halo lenses, these statistical parameters depend on the best-fitting MACHO halo fraction and the MF of the MACHOs of the halo. The mean and the width of duration of the MACHO candidates are 97 and 188.2 days (Table 4) . We perform a Monte Carlo simulation which generates the distributions of the width and the mean of the duration of events from the expected theoretical distribution in the large sets of events where each set contains the same number of events from the observations. In other words, the number of events in each set is chosen to be equal to the number of candidates from an experiment, where in the case of MACHO, 13 events are chosen. We do the Monte-Carlo simulation for eight Galactic models with the uniform and the spatially varying MFs with the model parameters described in Section two. Figures 2 and 3 show the two-dimensional distributions in terms of the width and the mean of the duration of events in eight Galactic models for the uniform and spatially varying MFs, respectively. The cross signs indicate the observed value of the mean and the width of the distribution of duration of microlensing candidates in the experiment.
In both cases of a uniform and spatially varying MF, the observed data is compatible with some of the models. Unlike these results, non of the eight Galactic models was compatible with the observed data in pervious studies (Green and Jedamzik 2002; Rahvar 2004) .
It is worth to mention that the correction due to the blending effect in evaluating the events duration can alter the results. Unlensed stars can often be only a few tenth of arc second from the lensed star. This can make source star brighter than it actually is, and the resulting microlensing event can appear to have a shorter duration than it actually does. The actual time scale of the microlensing event can usually be determined from a light curve fit in which the brightness of the source star (when it is not being microlensed) is included as a fit parameter. But for low S/N events, the uncertainty in the fit time scale can become very large. To avoid this problem, the MACHO group used a different procedure that gives the correct average time scale. Each event is fitted with a light curve that assumes no blending, and then a correction is applied to the time scale to account for the fact that blending tends to make the time scales appear shorter than they really are. This correction was determined from the efficiency Monte Carlo simulations, and it is a function of the measured event time scale. The procedure is designed to give the correct average event time scale, but it does not preserve the width of the time scale distribution. This point could be the reason for the narrow time scale distribution, and that the "statistically corrected" time scales can not be used for studying the width of the distribution. Here we use the blending fit time scale values for our comparison. HST images of target stars reveal that these blending fits always gives almost the correct brightness for the lensed star (Bennett 2004 ). Fig. 2 shows that all the Galactic models with uniform MF almost compatible with the observed data except model G. In the case of spatially varying MF (Fig. 3) only models S and B agree with the observed data.
CONCLUSION
In this work we introduce a model that may resolve some discrepancies between the results of the microlensing and other observations. The main point of this contradictory is the large number of the white dwarfs that expected by the microlensing experiments, while the existence of such a large population of white dwarfs has not been confirmed by the other observations. In this work we use the idea of a spatially varying MF that has been proposed by Kerins and Evans (1998) as a possible solution for this problem, extending it to consider the background events that may contribute in the LMC gravitational microlensing events. We used the updated events of the MACHO experiment. Eight Galactic models for the Milky Way are examined in our analysis. The observational efficiency of the MACHO experiment is applied to obtain the expected distribution of events both for the uniform Dirac-Delta and the spatially varying MFs. Comparing the observed optical depth with the expected optical depth for each Galactic model gives the mass fraction of galactic halo made by MACHOs. In the case of a uniform Dirac-Delta MF, the likelihood analysis gives both the MF of MACHOs and their contribution to the halo mass. For the spatially varying MF the mean mass of lenses has been calculated by direct integration of the MF that we called this mass as the passive mean mass of lenses. We defined also the active mean mass of lenses as the mean mass of lenses that can be observed by the gravitational microlensing experiment. Because of dependence of the efficiency of the observation on the events duration, it has been shown that the active mean mass of MACHOs is bigger than the passive mean mass, except in the case of uniform Dirac Delta MF that they are identical. We used two statistical parameters, the mean and the width of duration of events to compare the observed data with the theoretical models. We showed that the width of the distribution of events duration depends on the way that events duration is calculated by considering the blending effect. Unlike our previous work, almost all models in the case of Dirac-Delta MF expect model G are compatible with the data. The two models S and B, out of eight models in the spatially varying MF are also compatible with the data. The advantage of using spatially varying MF is that for instance in the case of the Standard Galactic model, while the passive mean mass of MACHOs is < M ml >= 0.05M ⊙ , the active mean mass of lenses that contribute to the gravitational microlensing events is < M ml >= 0.44M⊙. These numbers for the model B are 0.17 and 0.97M⊙ respectively. We showed that in this model despite of dominate brown dwarfs, massive lenses are more likely to be observed in the microlensing experiments. Result is that, this model may solve the mentioned problems that arose in interpretation of microlensing data. To find more accurate anzats for the spatially varying MF, likelihood analysis can be used to fix the parameters of the model. Work in this issue is in progress. ACKNOWLEDGMENT The author thanks David Bennett for his useful comments on blending correction of duration of events and Sepehr Arbabi for reading the manuscript and giving useful comments.
